Synthesis of Carboxylic Acid Staring Materials
General Procedure for the Synthesis of Carboxylic Acid Starting Materials. A 25 mL round bottom flask was charged in the glove box with NaH (Sigma-Aldrich, 95%) (144 mg, 6 mmol, 3.0 equiv) and a stir bar. The flask was removed from the glove box and placed under N 2 . The NaH was suspended in THF (1.3 mL) and the suspension cooled to 0 ˚C and stirred. A separate 25 mL round bottom flask was charged with bromoacetic acid (Sigma-Aldrich, 305.7 mg, 2.2 mmol, 1.1 equiv) and THF (0.5 mL). The resulting solution was added dropwise to the NaH suspension. A substantial evolution of gas was observed. The 
S3
reaction was stirred for 30 min. at 0 ˚C (or 1h if 60% NaH was used). A separate 25 mL round bottom flask was charged with the alcohol (2.0 mmol, 1.0 equiv) and DMF (1 mL). The resulting solution was added dropwise to the stirring reaction at 0 ˚C. Homoallylic alcohol starting materials were generally synthesized by allylation of the corresponding aldehyde with allyl magnesium bromode, allyl trifluoroborate potassium salt 3 or (+)-B-allyldiisopinocamphenylborane 4 (Sigma-Aldrich). The reaction was stirred an additional 30 min. at 0 ˚C before the ice/water bath was removed and the reaction allowed to warm to room temperature and stirred for an additional 12 h. The reaction was cooled to 0 ˚C, diluted with EtOAc (~10 mL) and carefully quenched with 1N HCl (~10 mL), aqueous phase (pH=1). The reaction was transferred to a 125 mL separatory funnel, the phases separated and the aqueous phase extracted with EtOAc (3x10 mL). The combined organic layers were dried (MgSO 4 ), filtered and concentrated. Purification by flash chromatography on silica gel eluting with 20% acetone in hexanes afforded the pure acid. Yields are generally between 70-90%. The reaction has been scaled to 30 mmol effectively. (±)-2-(2-phenylpent-4-en-2-yloxy)acetic acid (5e). The product was obtained according to the general procedure as a colorless oil. 1 4 .19 (ABq, J = 17.0 Hz, Δν AB = 107.5 Hz, 2H), 3.61 (qd, J = 6.5, 2.5 Hz, 1H), 3.53 (td, J = 6.5, 2.0 Hz, 1H), 2.37-2.30 (m, 1H), 2.18-2.12 (m, 1H), 1.23 (d, J = 6.5 Hz, 3H); 13 
S5
O OH O (±)-2-(1-(2,6,6-trimethylcyclohex-1-enyl)pent-4-en-2-yloxy)acetic acid (7a). The product was obtained according to the general procedure as a colorless oil. 1 
S6
(ddt, J = 17.5, 10.0, 7.0 Hz, 1H), 5.41-5.29 (m, 2H), 5.12 (d, J = 17.5 Hz, 1H), 5.10 (d, J = 9.5 Hz, 1H), 4.13 (s, 2H), 3.48 (app p, J = 5.5Hz, 1H), 2.32 (app t, J = 6.5 Hz, 2H), 2.12 (app q, J = 7.0 Hz, 2H), 2.01 (app q, J = 7.0 Hz, 2H), 1.67-1.53 (m, 2H), 1.36-1.25 (m, 6H), 0.88 (t, J = 6.5 Hz, 3H); 13 (±)-Methyl 2-((2-methylhex-5-en-3-yl)oxy)acetate (2a). (±)-2-((2-methylhex-5-en-3yl)oxy)acetic acid 5a (1.72 g, 10 mmol, 1.0 equiv) was dissolved in 20 mL DMF in a 100 mL round bottom flask. Powdered K 2 CO 3 (4.15 g, 30 mmol, 3.0 equiv) and MeI (1.0 mL, 4.26 g, 30 mmol, 3.0 equiv) were added and the reaction stirred at RT for 5 hrs. 20 mL water and 20 mL EtOAc were added and the two layers separated. The aqueous layer was extracted with EtOAc (1x20 mL). The combined organic layers were dried (MgSO 4 ), filtered and concentrated. Purification by flash chromatography on silica (~250 mL) eluting with 5% EtOAc in hexane afforded the title compound (1.42 g, 7.6 mmol, 76% yield). 1 General Procedure for Intermolecular C-H Oxidation. No precautions were taken to exclude moisture or air. A 1 dram vial was charged sequentially with 1,2-bis(phenylsulfinyl)ethane palladium(II) acetate 1 (TCI, 25.1 mg, 0.05 mmol, 0.10 equiv), (1R,2R)-(-)-[1,2-cyclohexanediamine-N,N'-bis(3,5-di-tertbutylsalicylidine)] chromium(III) chloride ((R,R)-Cr(salen)Cl) (31.6 mg, 0.05 mmol, 0.10 equiv) if needed, p-benzoquinone (Sigma-Aldrich, 108.1 mg, 1.0 mmol, 2.0 equiv), alkene 2a (93.1 mg, 0.5 mmol, 1.0 equiv), the carboxylic acid, a stir bar and dioxane (1.5 mL). The vial was fitted with a Teflon lined cap and heated to 45 ˚C with magnetic stirring in an oil bath for 72 h. The vial was removed, allowed to cool to room temperature and transferred to a 125 mL separatory funnel with Et 2 O (~50 mL). The organic phase was washed with a saturated aqueous solution of sodium meta-bisulfite (1x15 mL) and brine (1x15mL). The organic layer was dried (MgSO 4 ), filtered and concentrated. This crude material was analyzed by gas chromatography to determine the linear to branched (L:B), E to Z and diastereomeric ratio (dr). Purification by flash chromatography on silica (~75 mL) eluting with 15% EtOAc in hexane afforded the allylic ester. 
Entry 2.
According to the general procedure alkene 2a was reacted with AcOH (0.11 mL, 120.1 mg, 2.0 mmol, 4.0 equiv) with 10% Cr(salen)Cl. Run 1: 10.9 mg, 0.04 mmol, 9% yield, >20:1 L:B, >20:1 E:Z, 15:1; Run 2: 12.1 mg, 0.05 mmol, 10% yield, >20:1 L:B, >20:1 E:Z. Average 10% yield, >20:1 L:B, >20:1 E:Z. Entry 5. Reaction carried out on 0.3 mmol scale. According to the general procedure 2b was reacted with p-nitrobenzoic acid (75.2 mg, 0.45 mmol, 1.5 equiv). Run 1: 7.2 mg, 0.02 mmol, 5% yield; Run 2: 6.2 mg, 0.02 mmol, 5% yield. Average 5% yield. General Procedure for Intramolecular C-H Oxidation Optimaization. No precautions were taken to exclude moisture or air. A 1 dram vial was charged sequentially with 1,2-bis(phenylsulfinyl)ethane palladium(II) acetate 1 (TCI, 15.1 mg, 0.03 mmol, 0.10 equiv), p-benzoquinone (BQ, Sigma-Aldrich, 64.8 mg, 0.6 mmol, 2.0 equiv), 2-((2-methylhex-5-en-3-yl)oxy)acetic acid 5a (51.7 mg, 0.3 mmol, 1.0 equiv), a stir bar and dioxane (0.9 mL). The vial was fitted with a Teflon lined cap and heated to 45 ˚C with magnetic stirring in an oil bath for 72 h. The vial was removed, allowed to cool to room temperature and transferred to a 125 mL separatory funnel with Et 2 O (~50 mL). The organic phase was washed with a saturated aqueous solution of sodium meta-bisulfite (1x15 mL) and brine (1x15mL). The organic layer was dried (MgSO 4 ), filtered and concentrated. This crude material was analyzed by 1 H NMR to determine the diastereomeric ratio. Purification by flash chromatography on silica (~75 mL) eluting with 20% EtOAc in hexane afforded the dioxanone as a mixture of diastereomers. Table 2 , entry 1. According to the general procedure. Run 1: 20.1 mg, 0.12 mmol, 38% yield, 9:1 dr (anti:syn); Run 2: 19.6 mg, 0.12 mmol, 38% yield, 9:1 dr (anti:syn). Average 38% yield, 9:1 dr (anti:syn).
Optimization of the Intramolecular C-H Oxidation Reaction

Entry 2.
According to the general procedure with the addition of diisopropylethylamine (DIPEA, 5 µL, 3.9 mg, 0.03 mmol, 0.1 equiv). Run 1: 24.5 mg, 0.14 mmol, 48% yield, 7:1 dr (anti:syn); Run 2: 22.1 mg, 0.13 mmol, 43 % yield, 7:1 dr (anti:syn). Average 46% yield, 7:1 dr (anti:syn).
Entry 3.
According to the general procedure with the addition of (1R,2R)-(-)-[1,2-cyclohexanediamine-N,N'-bis(3,5-di-tert-butylsalicylidine)] chromium(III) chloride ((R,R)-Cr(salen)Cl) (18.9 mg, 0.03 mmol, 0.10 equiv). Run 1: 41.8 mg, 0.24 mmol, 82% yield, 9:1 dr (anti:syn); Run 2: 42.8 mg, 0.25 mmol, 84% yield, 9:1 dr (anti:syn). Average 83% yield, 9:1 dr (anti:syn).
Entry 4.
According to the general procedure replacing BQ with 2,6-dimethyl-p-benzoquinone (81.7 mg, 0.6 mmol, 2.0 equiv). No product detected by 1 H NMR.
Entry 5.
According to the general procedure replacing 1 with Pd(OAc) 2 (Strem, 6.7 mg, 0.03 mmol, 0.1 equiv). Less than 5% product detected by 1 H NMR with nitrobenzene as an internal standard. Entry 6. According to the general procedure omitting 1 and with (R,R)-Cr(salen)Cl) (18.9 mg, 0.03 mmol, 0.10 equiv). No product detected by 1 H NMR.
Entry 7.
According to the geneal procedure omitting 1. No product detected by 1 H NMR.
Entry 8.
According to the procedure of Kita, 5 a 25 mL round bottomed flask was charged with KBr (59.5 mg, 0.5 mmol, 1.0 equiv), acid 5a (86.1 mg, 0.5 mmol, 1.0 equiv) and a stir bar. CH 2 Cl 2 (5 mL) was added followed by PhI(OAc) 2 (193.3 mg, 0.6 mmol, 1.2 equiv). The reaction was stirred at room temperature for 12 h at which point sat. aq. NaHCO 3 (5 mL) was added and stirring continued an additional 5 min. The layers were separated and the organic layer washed with sat. aq. NaHCO 3 (1 x 5 mL). The organic layer was dried (Na 2 SO 4 ), filtered and concentrated. The crude was analyzed by 1 H NMR, which showed no desired product. General Procedure for Intramolecular C-H Oxidation. No precautions were taken to exclude moisture or air. A 1 dram vial was charged sequentially with 1,2-bis(phenylsulfinyl)ethane palladium(II) acetate 1 (TCI, 15.1 mg, 0.03 mmol, 0.10 equiv), (1R,2R)-(-)-[1,2-cyclohexanediamine-N,N'-bis(3,5-di-tertbutylsalicylidine)] chromium(III) chloride ((R,R)-Cr(salen)Cl) (18.9 mg, 0.03 mmol, 0.10 equiv), pbenzoquinone (Sigma-Aldrich, 64.8 mg, 0.6 mmol, 2.0 equiv), the carboxylic acid (0.3 mmol, 1.0 equiv), a stir bar and dioxane (0.9 mL). The vial was fitted with a Teflon lined cap and heated to 45 or 65 ˚C with magnetic stirring in an oil bath for 48-72 h. The vial was removed, allowed to cool to room temperature and transferred to a 125 mL separatory funnel with Et 2 O (~50 mL). The organic phase was washed with a saturated aqueous solution of sodium meta-bisulfite (1x15 mL) and brine (1x15mL). The organic layer was dried (MgSO 4 ), filtered and concentrated. This crude material was analyzed by gas chromatography or 1 H NMR to determine the diastereomeric ratio. Purification by flash chromatography on silica (~75 mL) afforded the dioxanone as a mixture of diastereomers. In general a second chromatographic purification allowed for isolation of the pure major diastereomer. The stereochemistry of four of the dioxanone compounds has been unambiguously determined. 1. 6a by comparison to spectra reported in the literature 6 and an NOE experiment. 2. 3g from an NOE experiment. 3. 14 by conversion to (-)-16 and comparison to spectra reported in the literature. 7 4. (+)-18 by an NOE experiment and conversion to (+)-20 and comparison to spectra reported in the literature. 8 All other diastereomers are assigned based on analogy. Qualitatively, the allylic proton of the anti-diastereomer appears as an apparent triplet in the 1 H NMR, while the corresponding resonance of the syn-diastereomer appears as a doublet. However, in general an NOE experiment is required to assign the stereochemistry of the dioxanone unambiguously as J-values are generally not diagnostic. When a mixture of diasetereomers is reported, all peaks are reported for the major diastereomer in the 1 H NMR. Only characteristic peaks are reported for the minor diastereomer in the 1 H NMR. 13 C NMR and IR peaks for mixtures of diastereomers are reported together. Although a chiral Lewis acid is used to promote the reaction, no appreciable difference in reactivity or selectivity of the reaction is observed when different enantiomers of the Lewis acid are used with a chiral substrate.
Scope of the Intramolecular C-H Oxidation Reaction
O O O
anti-(-)-(5S,6S)-5-isopropyl-6-vinyl-1,4-dioxan-2-one (6a).
(-)-(R)-2-((2-methylhex-5-en-3yl)oxy)acetic acid (-)-5a (51.7 mg, 0.30 mmol, 1.0 equiv) was reacted according to the general procedure at 45 ˚C for 48 h. Purification by flash chromatography eluting with 20% EtOAc in hexanes gave a mixture of diastereomers as a light yellow oil. Run 1: 41.8 mg, 0.24 mmol, 82% yield, 9:1 dr (anti:syn) by NMR; Run 2: 42.8 mg, 0.25 mmol, 84% yield, 9:1 dr (anti:syn) by NMR. Average 83% yield, 9:1 dr (anti:syn). The diastereomers were separated by flash chromatography on silica eluting with gradient 10 to 20% Et 2 O in petroleum ether. Major product (anti-diastereomer, less polar) obtained as a colorless oil. 1 
anti-(±)-5-(4-bromophenyl)-6-vinyl-1,4-dioxan-2-one (6b).
(±)-2-(1-(4bromophenyl)but-3-enyloxy)acetic acid 5b (85.5 mg, 0.30 mmol, 1.0 equiv) was reacted according to the general procedure at 65 ˚C for 48 h. Purification by flash chromatography eluting with 20% EtOAc in hexanes gave the mixture of diastereomers as a light yellow oil. Run 1: 48.9 mg, 0.17 mmol, 56% yield, 3:1 dr (anti:syn) by GC; Run 2: 48.9 mg, 0.17 mmol, 58% yield, 2.5:1 dr (anti:syn) by GC. Average 57% yield, 3:1 dr (anti:syn). The diasteromers were separated by MPLC eluting with gradient 5 to 30% Et 2 O in petroleum ether. Major product (anti-diastereomer, less polar) obtained as a yellow solid. 1 
syn-(±)-5-(4-bromophenyl)-6-vinyl-1,4-dioxan-2-one.
Minor product (syndiastereomer, more polar) obtained as a light yellow oil. 1 
anti-(±)-5-(tert-butyl)-6-vinyl-1,4-dioxan-2-one (6d).
(±)-2-(2,2-dimethylhex-5-en-3yloxy)acetic acid 5d (55.9 mg, 0.3 mmol, 1.0 equiv), was reacted according to the general procedure at 65 ˚C for 24 h. Purification by flash chromatography on silica eluting with 20% EtOAc in hexane gave a mixture of diastereomers as a light yellow oil. These data proved to be irreproducible, but yields for the reaction were low, generally between 15 and 30% Run 1: 13.1 mg, 0.07 mmol, 24% yield, 11:1 dr (anti:syn) by GC; Run 2: 10.9 mg, 0.06 mmol, 20% yield, 9:1 dr (anti:syn) by NMR. Average 22% yield, 10:1 dr (anti:syn). 1 syn-(+)-(5R,6S)-5-((S)-1-(benzyloxy)ethyl)-6-vinyl-1,4-dioxan-2 5-((2,6,6-trimethylcyclohex-1-en-1-yl)methyl)-6-vinyl-1,4-dioxan-2-one (8a) . 5-((2,6,6-trimethylcyclohex-1-en-1-yl)methyl)-6-vinyl-1,4-dioxan-2-one . Some of the major product contaminates the spectra of the minor product. Minor product (syn-diastereomer) obtained as a light yellow oil. 1 
anti-(±)-5-((E)-1-phenylprop-1-en-2-yl)-6-vinyl-1,4-dioxan-2-one
anti-and syn-(±)-5-((E)-4-methyl-1-phenylpent-1-en-1-yl)-6-vinyl-1,4-dioxan-2-one
anti-and syn-(±)-(E)-5-(hept-2-en-1-yl)-6-vinyl-1,4-dioxan-2-one (8d).
(±)-(E)-2-(undeca-1,6-dien-4-yloxy)acetic acid 7d (67.9 mg, 0.3 mmol, 1.0 equiv) was reacted according to the general procedure at 65 ˚C for 72 h. Purification by flash chromatography on silica eluting with 20% EtOAc in hexanes gave an inseparable mixture of diastereomers as a light yellow oil. Run 1: 48.5 mg, 0.22 mmol, 72% yield, 3:1 dr (anti:syn) by GC; Run 2: 47.7 mg, 0.21 mmol, 71% yield, 3:1 dr (anti:syn) by GC. Average 72% yield, 3:1 dr (anti:syn). 1 Stirring was continued at room temperature for 3h. The reaction was worked up and passed through a plug of silica (~100 mL) eluting first with 5% EtOAc to remove the non-polar boron byproducts followed by 20% EtOAc in hexane, which was collected and concentrated. The crude was dissolved in CH 2 Cl 2 (1.5 mL) in a 25 mL round bottom flask. PCC (79.8 mg, 0.37 mmol, 1.2 equiv), 4 Å MS (120 mg) and celite (120 mg) were added in one portion and the reaction was stirred at room temperature for 6 h. The reaction mixture was plugged through silica (~100 mL) with 20% EtOAc in hexane and the solvent concentrated. The crude aldehyde was azeotropically dried with PhH (3 x 5 mL). The aldehyde was allylated according to the procedure of Brown. 9 Purification by flash chromatography on silica (~75 mL) eluting with 10% EtOAc in hexane afforded the title compound (114.1 mg, 0.27 mmol, 75% yield, 3 steps) as a colorless oil and 5:1 mixture of diastereomers. A second chromatographic purification was required to remove excess diisopinocampheol byproduct and obtain diastereomerically pure material. 1 7, 149.5, 144.1, 137.6, 132.3, 129.7, 128.4, 127.7, 124.0, 118.5, 95.4, 84.7, 75.1, 70.2, 69.8, 38.3, 36.4, 28.8, 25.7, 20.6, 18.7, 17.8, -4.3, -4.8 ; IR (film): 3246 (br), 3109, 3072, 3032, 2956, 2931, 2889, 2858, 1751, 1643, 1608, 1535, 1441, 1350, 1313, 1288, 1254, 1227, 1167 , 1090, 1039 cm -1 ; HRMS (ESI) m/z calc'd for C 31 H 46 N 2 O 9 NaSiS [M+Na] + : 673.2591, found 673.2602; [α] D 26 = -15.6˚ (c=1.0, CHCl 3 ). Note: one peak is missing in the 13 C NMR, which we believe is overlapped by another peak. The identity of this compound was confirmed by 1 H NMR, HRMS and its reactivity to form 9 (vide infra). The vial was fitted with a Teflon lined cap and heated to 45 ˚C with magnetic stirring in an oil bath for 24 h. The vial was removed, allowed to cool to room temperature and transferred to a 25 mL separatory funnel with CH 2 Cl 2 (~5 mL). Sat. aq. NH 4 Cl (~2 mL) and brine (~2 mL) were added. The layers were separated and the aqueous extracted with CH 2 Cl 2 (3 x 5mL). The combined organic layers were dried (MgSO 4 ), filtered and concentrated. The crude was analyzed by 1 H NMR to determine the dr, 1.6:1 (syn:anti). Purification by flash chromatography on silica (~50 mL) eluting with gradient 10 to 20% Et 2 O in hexane afforded the title compound (40.9 mg, 0.058 mmol, 65% yield) as a mixture of diasteromers. The diastereomers were separated by MPLC eluting with gradient 0 to 10% Et 2 O in petroleum ether. Major product (anti-diastereomer) isolated as a light yellow oil. 1 4, 137.7, 132.7, 130.1, 128.5, 127.7, 127.6, 124.2, 121.7, 96.2, 85.7, 78.2, 70.2, 69.9, 65.1, 37.0, 28.8, 25.8, 20.6, 18.8, 17.8, -4.2, -4.9 ; IR (film): 3109, 3033, 2956, 2929, 2893, 2858, 1786, 1606, 1535, 1471, 1404, 1381, 1350, 1317, 1255, 1180, 1144, 1126 (-)-16
Differential Diol Protection and Iterative C-H Oxidation
TIPSO OH (+)-(R)-1-(triisopropylsiloxy)hex-5-en-ol (13). According to the procedure of Brown, 9 a 50 mL 3-neck flask was charged in the glove box with (+)-B-methoxydiisopinocampheylborane (Sigma-Aldrich, 3.32 g, 10.5 mmol, 1.05 equiv) and a stir bar. The flask was fitted with an apparatus for air-free filtration into a 100 mL 3-neck flask and all other openings sealed with rubber septa. The apparatus was removed from the glove box and put under N 2 . Et 2 O (10 mL) was added to the flask and the solution cooled to 0 ˚C. A solution of allylmagnesium bromide (0.83 M in Et 2 O, 12.0 mL, 10 mmol, 1.0 equiv) was added dropwise to the borane solution at 0˚C, stirred for 10 min. at that temperature then allowed to warm to room temperature for an additional 1 h, at which point the solution had turned milky white. The flask was put under hi-vacuum for 1h to remove the Et 2 O. The resultant solids were extracted with pentane (2 x 15 mL) and filtered into the 100 mL 3-neck flask to give a colorless solution of the borane in pentane. The flask was put under hi-vacuum for 1h to remove the pentane. The resulting colorless oil was dissolved in Et 2 O (20 mL) and cooled to -100 ˚C (liquid N 2 /EtOH). A solution of 3-(triisopropylsiloxy)propanal 6 (2.42 g, 10.5 mmol, 1.05 equiv) in Et 2 O (10 mL) and cooled to -78 ˚C was cannulated slowly into the reaction mixture down the side of the flask. After the addition was complete, the reaction was stirred at -100˚C for an additional 30 min. at which time MeOH (0.2 mL) was added and the reaction was allowed to warm to room temperature. 3 M NaOH (4 mL) and 30% wt. H 2 O 2 (8 mL) were added the reaction heated to reflux for 4 h to complete the oxidation of the auxiliary. The reaction was allowed to cool to room temperature and transferred to a separatory funnel with Et 2 O (~40 mL). The layers were separated and the aqueous layer extracted with Et 2 O (3x20 mL). The combined organic layers were washed with sat. aq. Na 2 SO 3 (1 x 10 mL) and brine (1 x 10 mL). The organic layer was dried (MgSO 4 ), filtered and concentrated. Purification by flash chromatography on silica gel (~250 mL) eluting with 3% EtOAc in hexanes afforded the title compound (2.396 g, 8.3 mmol, 83% yield) as a colorless oil. 1 According to the procedure of Burke, 10 to a freshly prepared solution of LiHMDS (6.0 mmol, 3.0 equiv) in THF (15 mL) at -78 ˚C in a 100 mL round bottom flask was added the clear supernatant resulting from centrifugation of a 1:1 v:v mixture of TMSCl (Sigma-Aldrich) and Et 3 N (7 mL total added). The resulting mixture was stirred for 15 min. at -78 ˚C at which time a solution of dioxanone 14 (657.0 mg, 2.0 mmol, 1.0 equiv) in THF (10 mL) was cannulated dropwise into the reaction using THF (~2 mL) to complete the transfer. The reaction was stirred for 2 h at -78 ˚C then allowed to warm to room temperature. Toluene (~40 mL) was added and the reaction flask was fitted with a reflux condenser, submerged in an oil bath and heated to reflux (~110 ˚C) for 12-24 h. The reaction was allowed to cool to room temperature and the solvent removed via rotary evaporation. The crude material was dissolved in DMF (5 mL) esterified with MeI (Sigma-Aldrich, 0.15 mL, 2.4 mmol, 3.0 equiv) and K 2 CO 3 (330.0 mg, 2.4 mmol, 3.0 equiv) for 24 h at room temperature. The reaction was quenched with 1N HCl and diluted with EtOAc (~10 mL). The layers were separated and the aqueous extracted with EtOAc (3x10 mL). the combined organic layers were dried (MgSO 4 ), filtered and concentrated. GC of the crude material showed the dr to be 3:1 (syn:anti), the same as the starting dioxanone. Purification by flash chromatography on silica (~125 mL) eluting with 5% EtOAc in hexane afforded the title compound (660.1 mg, 1.7 mmol, 83 % yield) as a light yellow oil. 1 (-)-(2S,6R)-methyl 6-(2-((triisopropylsilyl)oxy)ethyl)tetrahydro-2H-pyran-2-carboxylate (82.7 mg, 0.24 mmol, 1.0 equiv) was dissolved in THF (2 mL) in a 25 mL round bottom flask. The solution was cooled to 0 ˚C and solid LiAlH 4 (Sigma-Aldrich, 18.2 mg, 0.48 mmol, 2.0 equiv) was added in one portion. The reaction was stirred at 0 ˚C for 1 h at which point the reaction was complete by TLC. H 2 O was added carefully to the reaction mixture until the evolution of gas ceased. MgSO 4 and celite were added, the mixture diluted with EtOAc and stirred vigorously for 15 min. The entire mixture was filtered through a pad of silica with 30% EtOAc in hexane. The filtrate was concentrated and transferred to a 25 mL round bottomed flask under Ar. DMF (1.6 mL) and BnBr (Sigma-Aldrich, 57 µL, 0.48 mmol, 2.0 equiv) were added and the solution was cooled to 0 ˚C. NaH (Sigma-Aldrich, 60% wt., 19.2 mg, 0.48 mmol, 2.0 equiv) was added in one portion. The reaction was stirred at 0 ˚C for 30 min then allowed to warm to room temperature for an additional 4 h, at which point the reaction was complete by TLC. The reaction was quenched with 1 N HCl and diluted with EtOAc. The aqueous layer was extracted with EtOAc (3 x 10mL) and the combined organic layers dried (MgSO 4 ), filtered and concentrated. The crude was plugged through a pad of silica with 20% EtOAc in hexane, the filtrate concentrated and dissolved in EtOH (1mL). 3 M HCl (1 mL) was added and the reaction was stirred at room temperature for 6 h at which point the reaction was complete by TLC. The reaction was diluted with EtOAc and brine and worked up as above. Purification by flash chromatography on silica gel (~75 mL) eluting with 50% EtOAc in hexane afforded the title compound (129.3 mg, 0.18 mmol, 74% yield) as a colorless oil. 1 1-((R)-2,2-dimethyl-1,3-dioxolan-4-yl) but-3-en-1-ol (17). Zn powder (Sigma-Aldrich, 51.8 mmol, 3.39 g, 2.0 equiv) was suspended in THF (20 mL) in a 50 mL round bottom flask fitted with an addition funnel. The solution was cooled to 0 ˚C and freshly distilled (R)-2,2-dimethyl-1,3dioxolane-4-carbaldehyde (25.9 mmol, 3.37 g, 1.0 equiv) was added, 11 followed by allyl bromide (Sigma-Aldrich, 51.8 mmol, 6.23 g, 4.5 mL, 2.0 equiv) dropwise through an addition funnel over 10 min. After the addition was complete the reaction was stirred at 0 ˚C for 4 h. Sat. aq. NH 4 Cl (20 mL) was added dropwise through the addition funnel over 30 min and the reaction was diluted with EtOAc (20 mL). The insoluble solids were filtered off. The layers were separated and the aqueous extracted with EtOAc (2 x 20 mL). The combined organic layers were dried (MgSO 4 ), filtered and concentrated. NMR of the crude showed a 10:1 dr (anti:syn). Purification and separation of the diastereomers by flash chromatography on silica (~250 mL) eluting with gradient 10 to 40% Et 2 O in petroleum ether afforded the pure anti-diastereomer (2.89 g, 16.8 mmol, 65% yield). 1 Alcohol (+)-17 (1.17 g, 6.8 mmol, 1.0 equiv) was reacted according to the general procedure for the synthesis of carboxylic acid starting materials described above. Due to the acid sensitive nature of the acetonide, the reaction was quenched with sat. aq. NH 4 Cl and the pH carefully adjusted to ~3 with 1 M H 3 PO 4 . Purification by flash chromatography on silica (~250 mL) eluting with 25% acetone in hexanes afforded the title compound (850.2 mg, 3.7 mmol, 57% yield) as a colorless oil. 1 (5S,6R)-5-((R)-2,2-dimethyl-1,3-dioxolan-4-yl)-6-vinyl-1,4-dioxan-2-one (18) . (+)-2-(((S)-1-((R)-2,2-dimethyl-1,3-dioxolan-4-yl)but-3-en-1-yl)oxy)acetic acid (483.5 mg, 2.1 mmol, 1.0 equiv) was reacted according to the general procedure for intramolecular C-H oxidation described above at 65 ˚C for 72 h. GC of the crude reaction mixture showed the dr to be 3:1 (anti:syn). Purification by flash chromatography on silica (~125 mL) eluting with 20% EtOAc in hexane afforded a mixture of
Synthesis of a Dihydropyran Intermediate in the Synthesis of Goniodomin A
